Introduction
The great interest in the study of antioxidants is mainly due to the effects of free radicals in the organism. The oxidation process is essential to aerobic life. Thus, free radicals are naturally produced. However, these molecules react with DNA, RNA and other oxidizable substances, promoting damage. This may contribute to metabolic aging and degenerative diseases such as atherosclerosis and cancer [1, 2] .
The excess of free radicals is neutralized by antioxidants produced in the organism (endogenous) or acquired from the diet (exogenous). Oxidative stress occurs as a result of an imbalance between the accumulation of reactive species and the organism's ability to neutralize them through endogenous and exogenous antioxidants [2] . hydrogen peroxide, although it is not considered a free radical, is able to cross the nuclear membrane and to induce damage in the DNA molecule [6] .
Reactive species, which can be oxygen (ROS) or nitrogen (RNS), are produced as a result of physiological processes and play roles in cell signaling, gene transcription and/or immune response. In aerobic metabolism, electron transport chain results in the production of superoxide anions. Other biological reactions, such as the role of phagocytes and cytochrome P450 enzymes also contribute to the formation of these highly reactive molecules. However, excess or accumulation of reactive species can cause damage to macromolecules, cell membranes and DNA [7] .
The excess of free radicals can also be generated by exogenous factors, such as pollution, smoking or drinking alcohol, or by inadequate nutrition [8] .
For this reason, there is a complex defense system to protect against over-production and possible damage caused by reactive oxygen species, contributing to the maintenance of "redox homeostasis" [1] [2] [3] . When the production or accumulation of free radicals exceeds the organism's ability to neutralize them, the state of oxidative stress arises [7, 8] .
In addition to direct damage to biological molecules and tissues, oxidative stress may also activate transcription factors such as nuclear factor κB (NF-κB), which leads to activation of signaling cascades that culminate in the release of cytokines and inlammation [9] .
Oxidative stress has been the subject of several studies in recent years, and has been associated with the pathogenesis of several chronic diseases, including cancer, T2DM, cardiovascular and neurodegenerative diseases [10] [11] [12] . This association was supported by several studies showing that diets rich in fruits and vegetables, so rich in dietary antioxidants are associated with reduced risk for chronic diseases [3, 4, 13] .
Antioxidants comprise a group of enzymes and components obtained from the diet, which protect against oxidative stress by neutralizing and preventing the formation of reactive species as well as repairing biological molecules [7, 4] . The ability to protect against oxidative stress, therefore, depends on the integrity of endogenous and exogenous systems, and both can be inluenced by genetic variations. Single Nucleotide Polymorphisms (SNPs) in genes encoding antioxidant enzymes or proteins involved in the uptake and utilization of dietary antioxidants may have a direct impact on the ability to handle oxidative stress [4] . In addition, endogenous and exogenous antioxidant systems interact, making it even more complex diet-gene interactions that result in the individual's ability to maintain "redox homeostasis" (Figure 1 ) [7] .
Antioxidants
Antioxidants are substances present in low concentrations compared to oxidizable substrate that signiicantly retard or inhibit oxidation of that substrate [14] . Antioxidants act at different levels in the protection of organisms. The irst defense mechanism against free radicals is to prevent their formation, primarily by the inhibition of chain reactions with iron and copper. Moreover, antioxidants are capable of intercepting the free radicals generated by cellular metabolism or exogenous sources, preventing the attack on lipids, amino acids and double bond of the polyunsaturated fatty acids and DNA bases, avoiding the formation of lesions and loss of cell integrity [7] .
Thus, antioxidants may act directly or indirectly in the neutralization of free radicals. Antioxidant compounds are present both in organism and in food intake [8] .
The primary enzymatic antioxidant defense system includes the enzymes superoxide dismutase, glutathione peroxidase and catalase. These substances can remove oxygen or highly reactive compounds reacting with the oxidizing compounds and protecting cells and tissues from oxidative stress [15] . Among the non-enzymatic components of antioxidant defense, we highlight some vitamins (vitamin C and vitamin E), phenolic compounds (lavonoids and phenolic acids) and carotenoids (β-carotene and lycopene). Briely, among the mechanisms responsible for the decrease of ROS are: a) catalytic removal of ROS by endogenous and exogenous antioxidants; b) binding proteins (transferrin, haptoglobins, ceruloplasmin) with pro-oxidant ions, such as iron and copper ions; c) protection against macromolecular damage stress proteins; d) reduction of free radicals by electron donors such as glutathione S-transferase, vitamin E (tocopherol), vitamin C (ascorbic acid), bilirubin and uric acid.
Sources of Antioxidants
Some nutrients and bioactive compounds acquired through diet have antioxidant functions and play an important role in the defense against oxidative stress (Table 1 ). These antioxidants work by preventing the formation of free radicals, neutralizing these already formed and repairing the damage caused by highly reactive molecules. Moreover, the antioxidants in the diet also interact with endogenous antioxidants, increasing the total antioxidant capacity [3] . Vitamin C is the primary water-soluble antioxidant, exerting their actions in the aqueous phase. In turn, vitamins A and E and carotenoids are soluble in lipids, acting mainly in cell membranes and lipoproteins. Although it primarily act on different phases (aqueous and lipid), these antioxidants can act together for regenerating the reduced form [16] .
Vitamin C
Vitamin C is an essential nutrient and is the primary hydrophilic antioxidant in plasma. In addition to neutralizing free radicals, vitamin C also acts in the regeneration of α-tocopherol, a component of the vitamin E family, which also has antioxidant action [17] .
Vitamin C (ascorbic acid) is a white, crystalline, water-soluble and stable material in dry form. Its structure contains a hydroxyl group, the α-hydroxyketone tautomer, which gives you not only reducing capability, but also an acid behavior. This vitamin is a derivative of hexose and classiied as a carbohydrate, closely related to monosaccharides. The reduced form of ascorbic acid, which is most active, is rapidly oxidized to dehydroascorbic acid [1] .
Most vitamin C (over 85%) in the human diet is provided by citric fruits and vegetables. The ascorbic acid content in fruits and vegetables varies with the conditions under which they grow, and the degree of maturation [17] . Vitamin C consumed is absorbed in the small intestine by active transportation performed by the Vitamin C transporter type 1, which is encoded by the SLC23A1 gene (vitamin C transporter gene 1). This transporter is also expressed in renal proximal tubules, where it operates in the reabsorption of ascorbate iltered in the glomeruli. The sodiumdependent vitamin C transporter type 2, encoded by the SLC23A2 gene is found in several tissues including brain, lung, liver and skeletal muscle [18] .
Vitamin E
Vitamin E comprises a group of substances, including α, β, γ and δ tocopherols and α, β, γ and δ tocotrienols, with different biological activities. Vitamin E is an essential micronutrient consumed regularly in the diet from vegetable oils and derivatives, such as margarine. Additional dietary sources of vitamin E include meat and animal fat, whole grains, nuts and seeds [19] .
The components of vitamin E in the duodenum are hydrolyzed by pancreatic lipases and incorporated in micelles. The carrier protein α-tocopherol (α-TTP) incorporates α-tocopherol to LDL molecules, which are released into the circulation for uptake in peripheral tissues. The α-TPP is responsible for maintaining the levels of circulating α-tocopherol far superior to other forms of vitamin E, although γ-tocopherol is the most abundant form of diet. Apparently, the intracellular transport of α-tocopherol does not involve the α-TTP, but other proteins [20] .
Vitamin E has several functions in the organism, including membrane stabilization and regulation of the signaling cascade of gene expression, in addition to its known antioxidant properties. Their antioxidant activity is attributed to the chromanol ring, which has hydroxyl groups capable of donating electrons to ROS. The regeneration of α-tocopherol may occur through redox reactions with vitamin C, reduced glutathione and coenzyme Q. As a fat-soluble molecule, the antioxidant actions of vitamin E are important in protection against membrane lipid peroxidation [19] .
Carotenoids
Carotenoids are a large group (more than 600 natural carotenoids identiied so far) of lipophilic substances. However, only about 60 of these carotenoids are normally found in the diet, and a small number have been isolated from human blood and tissue. The most abundant forms found in human plasma include α-carotene, β-carotene, Lycopene and lutein [21] .
Carotenoids print their characteristic color to many fruits and vegetables such as orange, carrots, and red tomatoes. These compounds can also be found in some plants of dark green leaves. The bioavailability of some carotenoids is signiicantly enhanced by boiling and addition of dietary fat [22] .
Ingested and solubilized carotenoids are incorporated into micelles in the small intestine, and taken up by the mucosal cells. Traditionally, it was believed that the absorption of carotenoids was a passive process, but recent evidence suggests an active process. Absorbed carotenoids are incorporated into chylomicrons for clearing lymphatic circulation. Chylomicrons are taken up and metabolized by the liver in lipoproteins, which are the main source of circulating carotenoids [21] . The main functions described for carotenoids are related to their role as precursors of vitamin A. However, this applies only to carotenes and criptoxantines, since lycopene, lutein and zeaxanthin cannot be converted to retinol. Among the functions attributed to carotenoids, includes: inhibition of tumor growth, protection against genotoxicity and modulation of the immune system [22] .
Dietary antioxidants Sources
The antioxidant properties of carotenoids are particularly important in protecting lipids and can act in conjunction with vitamin E in preventing lipid peroxidation, being fat-soluble compounds. Carotenoids may also act to protect DNA against the action of free radicals and stimulating repair mechanisms [21] .
Antioxidants and Nutrigenetics
Circulating concentrations of dietary antioxidants are inluenced by many factors, including individual genetic variation. Genetic variations in absorption, metabolism, distribution and elimination of exogenous antioxidants may inluence the exposure level of antioxidants to target cells [10] . Moreover, the diet interacts with the endogenous enzymes of the antioxidant system components, and hence the risk of chronic diseases.
Genetic Determinants of Vitamin C Status
Large interindividual variability was observed in circulating concentrations of ascorbic acid, as well as in response to vitamin C from the diet [23] . Environmental factors only partially explain the observed variability, and it was proposed that genetic variation could explain the differences in vitamin C concentrations between individuals. Accordingly, several variations to the status of vitamin C have been identiied in several genes. A study with healthy young individuals of different ethnicities identiied an association between variations in the SLC23A1 gene and circulating concentrations of ascorbic acid [24] . These indings were replicated later in a population of more than 15.000 individuals of European descent [25] .
Polymorphisms in the SLC23A1 gene and changes in the glutathione S-transferase (GST) gene were also associated with the concentrations of ascorbic acid [26] . GST represents a family of enzymes that catalyze the reaction between glutathione and ROS resulting in the elimination of toxic metabolites.
Genetic Determinants of Vitamin E Status
Circulating concentrations of vitamin E, α-tocopherol speciically, are used as markers of vitamin status. There are large variations between individuals in circulating levels of vitamin E, and the correlation between intake and circulating concentrations was weak [27] . Approximately 22% of the variability found in the concentrations of α-tocopherol was attributed to variations in key genes. One possible candidate is the APTT gene, which encodes the α-TTP. In fact, a rare mutation in APTT was associated with the presence of ataxia and vitamin E deiciency, characterized by very low plasma concentrations of α-tocopherol [28] . Genome-wide Association (GWAS) studies have indicated that genetic variants affecting the transport and metabolism of lipids are also important in determining the status of vitamin E [29] .
Genetic variations can also be used to identify patients who would beneit from vitamin E supplementation in a speciic population. Controlled studies of the effects of α-tocopherol supplementation on cardiovascular risk factors studies have reported beneicial effects of supplementation, but limited to individuals who had a particular genotype of haptoglobin (Hp2-2). Among male smokers supplemented with α-tocopherol (50 mg / day) for 3 years, polymorphisms (rs964184, rs2108622, rs7834588) were identiied in three different loci (11q23.3, 8q12.3 and 19pter-p13.11) that, associated, accounted for 3.4% of the residual variation in serum vitamin E levels during supplementation [30] . For the future, it is expected that the supplements and food intake may be adequate based on the individual's genotype.
Genetic Determinants of Carotenoids Status
Considerable interindividual variability was reported in absorption, circulating concentration and response to supplementation of carotenoids, which can be explained by genetic variation [31] . As hydrophobic compounds, carotenoids are transported associated with lipoproteins in circulation. In fact, most attempts to identify genetic determinants of carotenoid status focused on genes involved in lipoprotein metabolism. Studies have identiied several variations in the genes encoding proteins related to homeostasis of lipids and lipoproteins, including APOE, APOB, POEC 4, SRB-1 and hepatic lipase [9] .
Two variations of BCMO1 gene (beta-carotene 15,15'-monooxygenase 1), which encodes the β-carotene monooxygenase-1 were associated with circulating concentrations of β-carotene and the ability of this enzyme to convert β-carotene to vitamin A. Changes in the BCMO1 gene were associated with circulating concentrations of α and β carotenes, lycopene, lutein and zeaxanthin. These results suggest that the variation of BCMO1 gene can affect the status of carotenoids and therefore the answer to supplement [32] .
Antioxidant Vitamins and DNA Repair
The attack on DNA by ROS generates a variety of products. The hydroxyl radical, for example, may act on the DNA yielding single strand breaks and / or double-strand breaks, as well as lesions in the purine and pyrimidine bases, affecting the integrity of the genome [33] .
In an attempt to demonstrate the antioxidant action of various compounds on the mechanisms of protection and repair from damage caused by accumulation of reactive species, studies with supplementation of vitamins (often at high doses) or diet rich in fruits and vegetables have been performed between different populations. Evidence, however, are inconclusive.
Randomized clinical trial among healthy subjects showed that compared to a drink with added sucrose (placebo) and supplemented with a vitamin C (150 mg), 300 ml of orange juice (identical 150 mg Vitamin C) reduced the damage to DNA from the mononuclear cells evaluated by the comet assay [34] . Another study among healthy adults who have used three different doses of vitamin C (80, 200, or 400 mg) for 15 weeks concluded that there was no effect in reducing oxidative DNA damage after the intervention, suggesting that supplementation with vitamin C does not add beneits when an adequate amount of this antioxidant is obtained from dietary sources [35] .
In another clinical trial, smokers subjects were randomized in two different interventions (supplementation of antioxidant vitamins in high doses: 250 mg of vitamin C 2x/day or 250 mg of vitamin C 2x/day + 91Mg 2x/day vitamin E) or placebo showed that the addition of vitamins C and E prevented DNA damage. However, the high doses of supplementation were not enough to repair all the damage [determined by the expression of 8-oxoguanine DNA gene Glycosylase 1 (OGG1), associated with repair of oxidative damage in the molecule] [36] . Increased activity of OGG1 was associated in other studies with the consumption of vitamin C (only in the form of slow-release tablets), carrots, kiwi and eating a diet rich in fruits and vegetables [37] .
In another study, healthy elderly subjects of different age groups were randomized for three groups: group A (placebo), group B (500 mg ascorbic acid and 400 IU of α-tocopherol) or group C (1000 mg ascorbic acid and 400 IU α-tocopherol). After six months, the supplementation of ascorbic acid and vitamin E in high amounts did not reduce oxidative stress (assessed by the concentration of superoxide dismutase, glutathione peroxidase, total antioxidant status and level of thiobarbituric acid reactive substances) and the damage in DNA rated by comet assay [38] .
Among individuals with type 2 diabetes mellitus who were randomized to receive placebo or 1200 IU / day of α-tocopherol for 4 weeks, there was no signiicant difference at the end of the study in relation to oxidative DNA damage in mononuclear cells. Among patients supplemented with α-tocopherol, oxidative DNA damage was increased after performing oral glucose tolerance test (OGTT) [39] .
Patients at risk of gastric cancer were randomized to the placebo group or antioxidant supplementation group (vitamin C: 2x/day 500mg + Vitamin E: 100mg 2x/day) for 12 weeks, and there was no signiicant difference between the two groups in relation to DNA damage assessed by comet assay, nor on the concentration of malondialdehyde (MDA, a marker of oxidative stress [40] .
Antioxidant activity of vitamin C and vitamin E was also found in cell culture through comet assay. After pre-incubation of human tumor cells with vitamin C, the antioxidant in high doses (200 mM) taken into the interior of these cells was not enough to stabilize the DNA and prevent the damage caused by sun exposure or contact with hydrogen peroxide. When 4-hydroxyestradiol , an abnormal cell growth promoter] was added to a culture of human mammary epithelial cells which were incubated for 96h with and without the addition of tocopherol, antioxidant reduced oxidative stress by scavenging of reactive oxygen species and also promoted the increased gene expression of elements of DNA repair [41] .
Controlled study was conducted among well-nourished individuals who took daily 600g of fruit and vegetables (or the equivalent in antioxidants vitamins in the form of supplementation) and malnourished individuals smokers who ingested 500mg vitamin C in the form of supplementation (or vitamin C added to 182g of vitamin E) in capsules of fast or slow release. The results showed that only smokers with impaired nutritional status and who used slow-release capsules of vitamin C reduced the levels of oxidation in DNA of mononuclear cells, as well as increased repair activities in the molecule [42] . It is suggested that nutritional status, prior level of DNA damage and the ability to repair are interconnected and that supplementation has a beneicial effect only among people with weakened nutritional status or low serum antioxidant levels, lower baseline levels of repair activity and prior high level of oxidative DNA damage.
The vitamin C supplementation reduced the frequency of chromosomal aberrations among individuals with insuficient intake of this antioxidant and exposed to mutagenic factors; vitamin C also decreased the sensitivity for these mutagenic agents like bleomycin chemotherapy. The modulation in DNA repair by supplementation was observed in healthy individuals and also in malnourished patients with plasma vitamin C levels > 50μmol / l exposed to high concentrations of Polycyclic Aromatic Hydrocarbons (PAHs), reinforcing the hypothesis that the effects of vitamin C on the damage in the DNA depends both basal serum values of vitamin C as the level of exposure to exogenous oxidative stress inducers [43] .
Epigenetics may explain the correlations between lifestyle and risk for developing a number of chronic diseases, and maternal diet has been shown to be highly dynamic in the regulation of epigenetic mechanisms, including affecting the methylation status of DNA. Rats with vitamin A deiciency in the diet during pregnancy had the level of methylation in gene GATA binding protein 4 (GATA-4, involved in embryogenesis and in the differentiation and function of myocardial cells) reported in the offspring; after dissection of embryo heart during cardiac maturation, high levels of methylation in GATA gene and increased incidence of heart defects were found [44] .
Newborn rats received vitamin A supplementation in an amount three times the yield of breast milk, and were compared with a control group that received supplementation of olive oil. After weaning, the animals supplemented with vitamin A were exposed to a high-fat diet or a low-fat diet. The subcutaneous adipose tissue of animals supplemented with the antioxidant, reported soon after weaning, was full of small adipocytes with reduced gene expression of adipogenic markers [lipoprotein lipase and peroxisome proliferator-activated receptor γ (PPARgamma)] and increased potential for proliferation. The animals supplemented with vitamin A developed greater adiposity hyperplasia compared to the control group after the intervention fat diet, detected by analysis of body composition (increased mass of subcutaneous adipose tissue), diameter of adipocytes, presence of leptin and increased expression of LEP gene in adipose tissue. In this study, it was concluded that, in animal models, vitamin A supplementation in the early stages of postnatal life favored fat diet induced adiposity, through mechanisms that may be related to changes in adipose tissue development [45] .
The role of dietary antioxidants on the individual variation in the ability to defend against oxidative stress on the system and repair of oxidative DNA damage has been reported among patients with and without pancreatic cancer, in a study of the case-control type. Individuals homozygous for the wild allele in Ala16Val (rs4880) polymorphism in superoxide dismutase 2 gene (SOD2) showed increased risk of cancer compared to carriers of the variant allele, and the protective effect of the Val allele was more pronounced, interestingly, among individuals who had intake of antioxidants (lycopene, α-carotene and α-tocopherol) below the median [46] .
Randomized clinical trials have failed to demonstrate associations between supplementation of high doses of antioxidants in the prevention of severe outcomes, such as acute myocardial infarction and mortality. Meta-analysis developed by the Cochrane group, which evaluated the effect of supplementing a number of antioxidants (beta-carotene, vitamin A, vitamin E, vitamin C and selenium) versus placebo or no intervention in well-designed randomized clinical trials (296,707 participants in total) concluded that there is no evidence to support the supplementation of vitamins and antioxidants in the prevention of mortality in primary and secondary level (beta-carotene, vitamin a and vitamin E in high doses, were even associated with increased mortality) [47] .
Conclusion
Oxidative stress has been implicated in the development of chronic diseases. Diets with a high consumption of fruits and vegetables (rich in antioxidants) tend to be inversely related to the development and progression of cardiovascular and metabolic diseases. However, clinical trials involving supplementation of antioxidants proved extremely controversial results, and few side effects were reported. Genetic variations involving the uptake, distribution, metabolism and transport of dietary antioxidants were associated with changes in circulating concentrations of antioxidants and hence different responses to supplementation. Therefore, genetic variations may help explain some of the controversies found in the studies. In addition, genetic variations may modulate the relationship between the endogenous enzymatic antioxidant system and environmental factors such as antioxidants acquired by the diet.
Finally, the elucidation of the genetic variations and antioxidant status may have important implications for public health through the identiication of individuals and populations that would beneit most from dietary intervention and supplementation with antioxidants.
